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Abstract: Cassava is present in several countries, including Brazil. It is an important crop 
for family farming and contributes to the supply of food and income for families. The 
objective of this study was to evaluate sweet cassava varieties grown in the state of Mato 
Grosso that have higher yield, resistance to deterioration and the quality of their cooked 
roots. The study was conducted in the municipality of Claudia, Mato Grosso, using 16 
varieties of sweet cassava. The analysis of variance revealed significant differences for 
most trait, with the exception of the average root length and the average root diameter. 
The results indicate that five varieties exhibited superior performance in terms of mass 
of fresh aerial part, tuberous root production, fresh commercial root mass and harvest 
index. As for deterioration, Amarela (04NM) stood out for having no deteriorated roots 
after four days of storage, in addition to a shorter cooking time (10 min) and its standard 
cooked mass was classified as “smooth, slightly plastic and sticky”. Farmers are advised 
to gradually introduce varieties that have performed well in their cropping systems. The 
introduction of new varieties will promote crop diversification and contribute to the 
conservation of these varieties.

Key words: Agronomic performance, culinary quality, genetic variability, shelf life.

INTRODUCTION
Native to South America, cassava (Manihot 
esculenta Crantz) is the second most important 
energy food for billions of people, particularly 
in developing countries (Souza et al. 2024). 
Approximately 100 countries cultivate cassava, 
with Brazil ranking as the fifth largest producer 
in the world, behind Nigeria, the Democratic 
Republic of Congo, Thailand, and Ghana (FAO 
2023, Lima et al. 2020). It is an important crop 
for family farming, as it contributes to the food 
supply of families living in rural areas, in the 
generation of work and income through the 
sale of fresh roots or their derivatives (Modesto 
Júnior & Alves 2016).

Due to its ability to adapt to a wide range 
of temperatures, soils—including those low in 
nutrients—and drought conditions, cassava 
achieves satisfactory yields even when cultivated 
in such environments (Ribeiro et al. 2019, Paula 
et al. 2024). 

In Brazil, the states of Pará and Paraná, 
are the largest producers of cassava (CONAB 
2024). The state of Mato Grosso occupies 17th 
position in terms of national production (IBGE 
2024), indicating that there is still much to be 
improved in terms of its productivity levels. 
The management of the varieties and the 
development of appropriate techniques for 
cassava cultivation in the most varied production 
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systems are the main challenges for improving 
the productivity and quality of the roots (Paz et 
al. 2020).

Family farming develops its agricultural 
practices based on the ownership of the means 
of production, aiming both at consumption by 
the family and commercialization (Santos et al. 
2014). Alternative production approaches can be 
an option for family farming, as they are valued by 
the market for combining innovative techniques 
with traditional agricultural practices, which 
foster diversification and reduce environmental 
impacts (Finatto & Corrêa 2011, Yavorski & Lima 
2021).  

Several studies have been carried out that 
have proved the high number of local varieties 
of cassava with production potential in Mato 
Grosso (Amorozo 1996, Carrasco 2012, Tiago 2016, 
2020, Oler 2017, Zago et al. 2017, Pedri et al. 2018, 
Figueredo et al. 2019, Oler et al. 2019, Martins et 
al. 2024). This indicates that there is sufficient 
genetic variability and that there are varieties 
adapted to the environmental conditions of 
the state. However, it was observed that the 
germplasm collection is generally local and 
restricted to specific communities or, at most, 
to neighboring communities within the same 
municipality, with little exchange of propagules 
over longer distances between cities. This 
situation poses a risk to the maintenance and 
conservation of this genetic heritage, since 
when agricultural activities are interrupted for 
different reasons (such as rural exodus, shortage 
of family labor, or low economic return), valuable 
materials selected over many years can be lost, 
leading to genetic erosion.

Cassava roots store a significant amount of 
starch in the parenchyma, which can represent 
up to 85% of the total weight of the root, and 
the size, shape and weight of these roots are 
mainly influenced by the cultivated variety and 
the environmental conditions under which 

they are planted (Silva 2021). The varieties of 
cassava for cooking at home are chosen by 
the producers considering the demands of 
the consumers in relation to the quality of the 
roots, which involves several factors. The final 
texture of the cooked roots is one of the quality 
attributes most valued by consumers, which 
is significantly influenced by the time they are 
cooked for (Padonou et al. 2005, Kouadio et al. 
2011, Pedri et al. 2018, Tagliapietra et al. 2021).  
Another important factor is shelf life, as cassava 
roots are highly perishable. From 24 to 48 
hours after harvest, symptoms of physiological 
deterioration begin to appear, which increases 
root loss and production costs, as well as 
limiting the distance between production and 
marketing sites (Djabou et al. 2017, Santos et al. 
2022, Morante et al. 2010). 

Based on the facts presented, the objective 
of this study was to promote the diversification 
and evaluation of cassava varieties in northern 
Mato Grosso. To achieve this purpose, the 
research was structured into four specific 
objectives: (i) introduce new cassava varieties 
to farmers in the municipality of Cláudia; (ii) 
perform agronomic evaluation and clustering 
of the varieties; (iii) determine the post-harvest 
physiological deterioration rate of the varieties; 
and (iv) evaluate root cooking time in relation to 
desirable culinary attributes.

MATERIALS AND METHODS
Implementation of the experiment

Study area

The study was conducted on the property 
Unidade Camponesa de Produção Agroecológica 
Vencedor, BR163, km 890, located in the 
settlement 12 de outubro, which is in the 
municipality of Cláudia, Mato Grosso (11°22’58.7” 
S e 55°22’32.9” W) (Figure 1).
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The municipality has an area of 3,843.561 
km2 and is approximately 570 km from the state 
capital Cuiabá and 60 km from Sinop. It belongs 
to the northern Mato Grosso mesoregion (IBGE 
2022), and has a tropical-rainy type climate with 
a short period of drought, (Am in the Köppen 
classification), being a transition between the 
superhumid equatorial climate (Af) of the 
Amazon and the humid tropical (Aw) of the 
Central Plateau (Alvares et al. 2013, Almeida 
et al. 2015). The region is characterized by two 
seasons, a rainy one that occurs from October 
to April and a dry one, from May to September 
(Borella et al. 2018).

The experiment was conducted during the 
rainy season to ensure natural water availability 
for cassava growth. This period was selected 
to take advantage of the region’s favorable 
climatic conditions, thereby minimizing external 
limitations to plant development. The climatic 
data corresponding to the experimental period 
are presented in Figure 2. Precipitation data 
were extracted via remote sensing from the 
Climate Hazards Group InfraRed Precipitation 
with Station data (CHIRPS) product (Oliveira-
Júnior et al. 2021).

Figure 1. Map of 
location of the 
experimental area 
in the municipality 
of Cláudia in the 
state of Mato 
Grosso.
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Selection of cassava varieties
The cassava varieties that integrated this 
research were based on previous studies 
conducted by Tiago (2016) and Pedri (2022). 
These materials were collected in the north of 
the state, along the BR163 highway, and in the 
municipality of Alta Floresta, which stand out 
for their agronomic potential for cultivation 
and commercialization, as shown in Table  I and 
Figure 3. The varieties were introduced into the 
materials already cultivated by farmers with the 
purpose of expanding the genetic base present 
in the fields, promoting productivity gains, 
stimulating the conservation of local varieties, 
and strengthening the income generation 
of farming families. The control (16CLD) was 
the native variety used by the farmers of the 
settlement.

Cassava is commonly classified as ‘bitter’ 
when its roots contain between 100 and 500 mg 
kg⁻¹ of cyanide (CN⁻), and as ‘sweet’ when the 
content is below 100 mg kg⁻¹ (Wheatley et al. 
1993). The cyanide concentration depends on 
the variety, environmental conditions, cultural 

practices, and the plant’s developmental stage 
(McMahon et al. 1995). Although specific cyanide 
analyses were not conducted in this study, the 
cultivars evaluated are traditionally used for 
human consumption in home cooking (sweet 
cassava), which allows us to assume that their 
cyanide levels fall within the safe range, i.e., 
below 100 mg kg⁻¹.

Preparation of the area and planting of varie-
ties 
Initially, soil analysis was performed, with 
collection in the 0-20 cm layer. The results are 
presented in Table  II. 

Because it is an agroecological area, the 
farmers do not use conventional fertilizers on 
their properties and, therefore, the experiment 
was conducted following local practices, without 
the use of fertilizers. Soil preparation was 
carried out with a harrow and a grader. The 
planting holes were dug to a depth of between 
10 and 15 cm. The setts were cut into lengths of 
approximately 15 cm (maintaining an average of 
five buds per propagule). Maintenance of the area 
was carried out in the form of manual weeding. 

Figure 2. Annual precipitation (mm) recorded between 2020 and 2024, comparing data collected in the 
experimental area and in the municipality of Cláudia, MT.
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The experiment was installed in a randomized 
block design, with three replications and 16 
treatments. Each variety consisted of two rows 
of eight plants, spaced 1.0 m between rows and 
between plants, with 16 plants for each variety 
per repetition, totaling 768 plants (Figure 4). 
Planting took place on October 19, 2022, and the 
crop was harvested at 11 months after planting 
(September 2023).

Evaluations 

Agronomic characterization 

Agronomic characterization occurred at harvest, 
through seven quantitative variables, as 
proposed by Fukuda & Guevara (1998): (1) mass of 
fresh aerial part – MFAP (t/ha); (2) tuberous root 
production – TRP (t/ha); (3) fresh commercial 
root mass – FCRM (t/ha); (4) harvest index – 
HI (%), obtained via the relationship between 
tuberous root production and total weight of 

the plant; (5) average number of roots per plant 
– ANRP; (6) average root length – ARL (cm); (7) 
average root diameter – ARD (cm) (Figure 5).

The execution of the experiment in a single 
cultivation cycle was considered sufficient to 
achieve the objectives of this study, since the 
main purpose was to characterize and compare 
cassava varieties introduced into farmers’ 
fields in the northern region of Mato Grosso, 
evaluating their productive performance, 
culinary attributes, and susceptibility to 
postharvest deterioration. The tested varieties 
had previously been selected by farmers and 
partner institutions for their good agronomic 
potential and regional adaptation. The 10–12 
month period after planting is widely used in 
morphoagronomic and yield characterization 
trials of cassava, as it coincides with the stage 
when roots typically reach their maximum 
accumulation of dry matter and commercial 
yield, allowing the full expression of the 

Table I. Identification of cassava varieties collected in the north of the state of Mato Grosso, Brazil. 

Acronym Varieties Location

01NM Amarelinha Nova Mutum

02NM Cascatinha Nova Mutum

03LRV Branca Lucas do Rio Verde

04NM Amarela Nova Mutum

05SOR Branca Sorriso

06SOR Mandioca de Fritar Sorriso

07PXT Mandioca Branca Peixoto

08GUA Castelinha Guarantã do Norte

09SNP Pão Sinop

10SNP Talo Vermelho Sinop

11SNP Cuiabana Sinop

12AF Cacau Roxa Alta Floresta

13AF Mandioca Pão Alta Floresta

14AF Cacau Amarela Alta Floresta

15AF Amarela Alta Floresta

16CLD Cacau Cláudia
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evaluated traits (Enesi et al. 2022, Sampaio 
Filho et al. 2024, Nzola et al. 2022). Previous 
studies have also indicated that one growing 
cycle is sufficient to evaluate productivity and 
agronomic characteristics in cassava, such as 

those conducted by Moreto & Neubert (2014), 
Simongini et al. (2021), Nzola et al. (2022), who 
performed one-year experiments to assess 
productive performance and root characteristics 
in cassava varieties.

Figure 3. Varieties in the experimental field in the municipality of Cláudia. 01NM - Amarelinha; 02NM - Cascatinha; 
03LRV - Branca; 04NM - Amarela; 05SOR - Branca; 06SOR - Mandioca de Fritar; 07PXT - Mandioca Branca; 08GUA - 
Castelinha; 09SNP - Pão; 10SNP - Talo Vermelho; 11SNP - Cuiabana; 12AF - Cacau Roxa; 13AF - Mandioca Pão; 14AF 
- Cacau Amarela; 15AF - Amarela; 16CLD - Cacau. Source: Author.
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Culinary characteristics
For evaluation of the ease of peeling of the 
cortex, five commercial roots of each variety, 
considered healthy and without damage, were 
randomly selected. Subsequently, the roots 
were washed under running water, their ends 
were discarded, and the median portion of the 
root was cut into pieces (cylinders) 5 cm long. 
The pieces were peeled with the aid of a knife 

and evaluated for the ease of removal of the 
pulp cortex using the following scores: easy (3), 
medium (5), hard (7) (Oliveira et al. 2011, Soares 
et al. 2017, Martins 2022). 

Regarding cooking, approximately 500 g of 
pieces of each cassava variety, with a size of 5 
cm, were weighed using an analytical balance. 
The cassava pieces were placed in an aluminum 
pressure cooker with 1.5 L of water. The maximum 

Table II. Chemical and physical analysis of the soil of the experimental unit in the year 2022.

Results of the chemical analysis 

pH P S K K Ca Mg Al H+Al OM

H2O CaCl2 mg/dm3 Cmolc /dm3 g/dm3

- 4.50 0.75 8.34 19.50 0.05 0.81 0.31 0.45 6.86 14.19

Results of the micronutrient analysis Results of the physical analysis

B Cu Fe Mn Zn Sand Clay Silt

mg/dm3 Granulometry %

0.01 0.40 98.60 3.20 0.30 75.00 16.25 8.75
Organic matter (OM). pH- hydrogen potential. P - Phosphorus. S - Sulfur. K - Potassium. Ca - Calcium. Mg - Magnesium. Al - 
Aluminum. H+Al - hydrogen + aluminum. B - Boron. Cu - Copper. Fe - Iron. Mn - Manganese. Zn - Zinc.

Figure 4. Implementation of the cassava experiment (a, b); planting team together with the farmer (c); emergence 
of varieties (d, e). Source: Author.



AUANA VICENTE TIAGO et al.	 CASSAVA DIVERSITY IN NORTHERN MATO GROSSO

An Acad Bras Cienc (2026) 98(Suppl. 1)  e20250310  8 | 21 

cooking time was timed at 30 minutes from the 
start of boiling. At each 10-minute interval, the 
pressure of the pan was released, and the pieces 
were tested with a fork to evaluate the cooking 
process according to penetration resistance, 
and then the cooking time was noted.

The pieces, after reaching the cooking time, 
were vigorously kneaded with a fork 30 times 

consecutively. Then, the mass was subjected 
to kneading 30 times by hand, and a block was 
molded from it (Pereira et al. 1985, Pedri et al. 
2018).

Post-harvest spoilage
The study evaluated the deterioration of the 
roots post-harvest, considering five roots (with 

Figure 5. Harvest and agronomic characterization of the 16 cassava varieties (a and b), with emphasis on root 
weight (c), aerial part (d), and non-commercial grade roots (e). Source: Author.
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cortex and without damage) per variety. The 
roots were stored at a temperature of 25 °C 
for four days (Fukuda & Guevara 1998, Pedri et 
al. 2018). Subsequently, these were cut into 3 
cm thick slices and evaluated according to the 
following scale: 0 (no deterioration), 1 (up to 20% 
of deterioration), 2 (21 to 40% of deterioration), 
3 (41 to 60% of deterioration), 4 (61 to 80% of 
deterioration) and 5 (81 to 100% of deterioration). 
The data were tabulated in Excel® spreadsheets 
and the percentage of deterioration of each 
variety was calculated.

Statistical analysis
Quantitative agronomic data were analyzed 
using the Bartlett homogeneity and Lilliefors 
normality test. For the variables that did not 
present homogeneity and normality, the root 
transformation (x+k) was used. Subsequently, 
the data were submitted to analysis of variance 
(ANOVA) and, when the value of F was significant, 
the Scott & Knott (1974) test was applied at 5% 
probability to compare the means. The data 
were analyzed with the help of the GENES v. 
1990.2022.24 (Cruz 2016). 

RESULTS 
The analysis of variance (ANOVA) revealed 
significant differences between the treatments 

for most of the studied characteristics (Table  
III), with the exception of mean root length (ARL) 
and average root diameter (ARD). 

Table IV presents the comparison of the 
means between the varieties and the variables 
with significant results in the analysis of 
variance. Based on the data provided and on 
the groups formed by the Scott-Knott test, we 
can conclude that, for the variables FCRM, TRP, 
FCRM and HI, the means were separated into 
two groups. For the ANRP variable, the means 
are clustered in a single group, indicating that 
there was no difference between the varieties 
for this characteristic. Varieties that are in Group 
“a” are recommended for cultivation due to their 
performance for the evaluated characteristics, 
while those in Group “b” may be less favorable. 

Some varieties stand out for certain 
characteristics, as is the case of the variety 03LRV, 
which demonstrates superior performance for 
the variables MFAP, TRP and FCRM in relation 
to the means observed, although statistically 
it does not differentiate from the varieties that 
are in the same group. However, for the farmer, 
a small increase can mean greater gains, when 
planting on a larger scale. Equally relevant is 
the 01NM variety, with relatively significant 
means. This suggests that these varieties have 
considerable potential both in terms of aerial 
production and for root crops. On the other hand, 

Table III. Summary of the analysis of variance for seven characteristics evaluated in 16 cassava varieties in the 
year 2023.

Source of 
variation df

MFAP TRP FCRM HI ANRP ARL ARD

RMS

Blocks 2 0.02 0.11 0.05 75.34 2.89 3.60 0.45

Varieties 15 1.34* 1.77* 1.41* 125.34* 5.16* 14.12ns 0.68ns

Spoilage 30 0.53 0.59 0.55 55.38 2.48 12.22 0.74

Average 7.73 12.04 8.35 36.31 5.62 21.76 4.13

CV (%) 27.63 22.98 26.98 20.50 28.05 16.07 20.82
*significant at 5% probability, and ns = non-significant, via the F test. Degrees of freedom (df); residual mean square (RMS); 
Mass of fresh aerial part (MFAP); tuberous root production (TRP); fresh commercial root mass (FCRM); harvest index (HI); average 
number of roots per plant (ANRP); average root length (ARL); average root diameter (ARD).
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some varieties showed inferior performance 
compared to others. Varieties 06SOR and 05SOR, 
for example, consistently recorded lower values 
in all characteristics, indicating that they may be 
less productive or less adapted to the conditions 
of the experiment.

The harvest index (HI) is an indicator of 
yield, reflecting the ratio of tuberous roots to 
the total mass of the plant. For this variable, 
50% of the varieties presented an HI higher 
than 37%, while the others presented a lower 
value. The 02NM variety had the highest average 
for the HI, suggesting a better allocation of 
its resources for the production of tuberous 
roots. In addition, the average number of roots 
per plant (ANRP) varied considerably between 
varieties. While some, such as 16CLD, have a 

high number of roots per plant, others, such as 
the varieties 06SOR, 07PXT, 12AF, 14AF and 15AF, 
show a significantly lower number of roots.

Through a general analysis via the individual 
means of the evaluated characteristics, it is 
observed that the varieties such as 03LRV and 
01NM stand out due to high productivity and 
commercial quality, when compared to the 
control (16CLD), which, despite being allocated 
in the same group (“a”), presented an average 
TRP and lower FCRM. However, the 16CLD variety, 
although not the most productive, still shows 
considerable performance, with an overall 
productivity rating of FCRM in 5th position. A 
possible explanation for this is that, although the 
variety stands out with a higher average ANRP, it 
is considered that there is a loss of roots during 

Table IV. Comparison of average yield between 16 cassava varieties by Scott-Knott test at 5% probability. Mass of 
fresh aerial part (MFAP); tuberous root production (TRP); fresh commercial root mass (FCRM); harvest index (HI); 
average number of roots per plant (ANRP).

Varieties
Variables

MFAP (t/ha) TRP (t/ha) FCRM (t/ha) HI (%) ANRP

01NM 12.04 a 17.13 a 12.40 a 38.33 a 7.71 a

02NM 6.59 a 14.77 a 11.67 a 47.29a 5.81 a

03LRV 13.11 a 23.17a 18.15 a 45.81 a 5.88 a

04NM 10.50 a 13.34 a 8.71 a 32.47 b 5.85 a

05SOR 4.08 b 7.48 b 5.85 b 43.74 a 4.48 a

06SOR 2.07 b 3.96 b 2.55 b 25.51 b 3.84 a

07PXT 5.61 b 5.87 b 3.94 b 31.86 b 4.27 a

08GUA 4.63 b 9.58 b 6.84 b 43.89 a 4.57 a

09SNP 7.88 a 13.37 a 8.88 a 35.16 b 5.65 a

10SNP 10.38 a 17.02 a 11.46 a 37.69 a 6.34 a

11SNP 11.40 a 13.61 a 7.19 b 28.09 b 6.46 a

12AF 5.27 b 8.00 b 6.04 b 38.02 a 5.14 a

13AF 8.00 a 15.11 a 10.08 a 38.07 a 5.45 a

14AF 7.40 a 9.21 b 5.81 b 29.61 b 5.53 a

15AF 2.79 b 5.85 b 3.64 b 32.35 b 4.09 a

16CLD 11.94 a 15.23 a 10.40 a 33.04 b 8.79 a
(t/ha) - tons per hectare. (%) - percent. Means followed by the same letter in the column do not differ from each other by the 
Scott-Knott test at the 5% probability level.
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the analysis of commercial grade roots, or the 
roots are relatively lighter, compared to other 
varieties, which equates to low production. The 
information collected in this study is important 
for determining promising varieties in terms of 
productivity and commercial value.

The resistance to deterioration of the 16 
cassava varieties was evaluated using a total of 
80 roots, as described in Table V. The result of 
the analysis is important in order to understand 
the durability of the roots and the viability of 
storage, essential factors for commercialization 
and consumption of cassava. 

Among the varieties analyzed, some stood 
out for their low rate of deterioration, such 
as 04NM, which demonstrated exceptional 
performance, with no deteriorated root after four 
days of storage, indicating excellent resistance 
in this parameter. Other varieties, such as 01NM, 
05SOR and 08GUA, also showed good results, 

with only 20% of deteriorated roots, which 
represents only one deteriorated among the five 
stored.

Varieties with moderate deterioration 
include 09SNP, 10SNP, 11SNP, 13AF and 16CLD, all 
with 40%, which is equivalent to two deteriorated 
roots out of five. This moderate percentage 
suggests that they have reasonable resistance to 
deterioration and are recommended for short- 
to medium-term storage. However, varieties such 
as 02NM, 06SOR and 15AF showed 60% of their 
roots deteriorated, indicating a lower resistance 
and, therefore, a reduced viability for prolonged 
storage. On the other hand, some varieties 
demonstrated a high rate of deterioration, 
which compromises their durability. The 
varieties 03LRV, 12AF and 14AF presented 80% of 
roots deteriorated, with four deteriorating out 
of the five stored. As such, these varieties have 
a high susceptibility to spoilage, so they are 

Table V. Percentage of decayed roots after four days of storage.

Variety N° of roots Deteriorated % Deteriorated

01NM 5 1 20

02NM 5 3 60

03LRV 5 4 80

04NM 5 0 0

05SOR 5 1 20

06SOR 5 3 60

07PXT 5 5 100

08GUA 5 1 20

09SNP 5 2 40

10SNP 5 2 40

11SNP 5 2 40

12AF 5 4 80

13AF 5 2 40

14AF 5 4 80

15AF 5 3 60

16CLD 5 2 40

Total 80 39 -
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not recommended for storage. It is noted that, 
despite the fact that the 03LRV variety has good 
productivity, it has a negative rating for storage 
of roots (at room temperature).

The 07PXT variety showed the worst 
performance, with 100% of roots deteriorating 
after four days, which makes it completely 
unfeasible to use it in contexts that require 
storage. On the other hand, 04NM is highly 
recommended due to its low percentage of 
deterioration, making it ideal for storage in the 
period evaluated here and for commercialization. 

The ease of peeling (EP) of the varieties was 
evaluated in three types: easy, medium and hard. 
Varieties 02NM, 10SNP, 11SNP and 16CLD were 
classified as easy-to peel, which is a favorable 
and desirable characteristic for the consumer 
who acquires the product fresh. On the other 
hand, the varieties 06SOR, 09SNP, 13AF, 14AF and 
15AF were considered difficult to peel, which 
may be a negative factor, impacting on their 
choice by the consumer who seeks ease in this 
process. Varieties 01NM, 03LRV, 04NM, 05SOR, 
07PXT, 08GUA and 12AF showed medium ease of 
peeling, representing a balance in root peeling. 

With regard to cooking time, among the 16 
varieties, 11 were classified as uncooked after 30 
minutes. The variety 04NM cooked fastest with a 
minimum time of 10 minutes, while the others 
required a longer time. It should be noted 
that the variety is among Group “a” in terms of 
productivity, and it is the only variety without 
root decay during storage, despite the fact that 
ease of peeling of the root cortex was classified 
as medium.

The quality of the cooked mass was 
evaluated based on the classification of the 
mass as being cooked or undercooked. Varieties 
such as 01NM, 10SNP, 12AF and 14AF produced a 
quality cooked mass, being smooth, non-plastic 
and sticky. However, most varieties resulted in 

an undercooked mass, which is characterized by 
being very lumpy, plastic and sticky. 

It is important to note that the “smooth, 
slightly plastic and sticky” class attributed to the 
04NM variety was not originally present in the 
standard mass analysis table by Pereira et al. 
(1985). The authors of this research noted that, 
although the mass of the 04NM variety was well 
cooked, it had a slight plasticity and stickiness. 
This categorization is therefore suggested based 
on detailed observations during the tests. Thus, 
we suggest modifying the table proposed by 
Pereira et al. (1985) to include this “smooth, 
slightly plastic and sticky class” 

These results suggest that some 
cassava varieties are more suitable for direct 
consumption due to their ease of peeling, 
shorter cooking times and superior quality 
of cooked mass, while others may be more 
appropriate for industrial uses or processing 
where the standard of cooked mass may be less 
important (Table VI).

DISCUSSION
The ANOVA results highlight the importance 
of selecting cassava varieties based on the 
characteristics of interest (Table III). The 
significant differences found in most of the 
studied characteristics (mass of fresh aerial part 
(MFAP), tuberous root production (TRP), fresh 
commercial root mass (FCRM) and harvest index 
(HI)) highlight the genetic variability among the 
evaluated varieties, offering opportunities for 
the identification and selection of materials 
that are better adapted to specific production 
systems and market demands. The analysis of 
mean and coefficient of variation (CV) values 
allows one to evaluate both the variability and 
the consistency of characteristics and assists in 
the interpretation of the results and in decision-
making (Santos et al. 2022, Mendonça et al. 2020, 
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Adjebeng-Danquah et al. 2017, Fuhrmann et al. 
2019). 

The statistical grouping by the Scott-Knott 
test indicated that variety 03LRV is among the 
group of varieties with higher averages for fresh 
shoot mass (MFAP), tuberous root production 
(TRP), and fresh commercial root mass (FCRM), 
together with varieties such as 01NM, 04NM, 
02NM, 09SNP, 10SNP, 13AF and 16CLD. Likewise, 
02NM was part of the group with higher harvest 
index (HI) (Table IV), which also included 01NM, 
03LRV, 05SOR, 08GUA, 10SNP, 12AF and 13AF. These 
results reinforce the importance of considering 
statistical groupings rather than only mean 
values, and demonstrate that several varieties 
present potential for selection depending on 
the trait of interest. In contrast, varieties with 
lower performance, such as those grouped in 
“b”, indicate the need for genetic improvement 
or specific cultivation conditions to reach their 

maximum potential (Oliveira et al. 2010, Joaqui 
Barandica et al. 2016, Santos et al. 2021). The low 
productivity of some varieties may be related 
to climatic variations throughout the period, 
between planting and harvesting, in addition 
to the limited soil fertility, which influenced 
the agronomic characteristics studied, such 
as root production, especially considering 
that the varieties were exposed to a different 
environment from which they were accustomed.

The varieties grouped with higher averages 
for tuberous root production (TRP), including 
01NM, 02NM, 03LRV, 04NM, 09SNP, 10SNP, 11SNP, 
13AF, and 16CLD, showed an average yield of 
15.86 t/ha. For fresh commercial root mass 
(FCRM), the group formed by 01NM, 02NM, 03LRV, 
04NM, 09SNP, 10SNP, 13AF, and 16CLD presented 
an average of 11.47 t/ha. These values are 
comparable to the national average yield of 15.48 
t/ha reported by IBGE (2023), highlighting that 

Table VI. Analysis of the peeling, cooking time and classification of the cooked mass of 16 varieties of cassava.

Variety *EP ** Time Cooking Mass classification

01NM Medium 20 Cooked Smooth, not plastic and sticky

02NM Easy 30 Undercooked Very lumpy, plastic and sticky

03LRV Medium 30 Undercooked Very lumpy, plastic and sticky

04NM Medium 10 Cooked Smooth, slightly plastic and sticky

05SOR Medium 30 Undercooked Very lumpy, plastic and sticky

06SOR Difficult 30 Undercooked Very lumpy, plastic and sticky

07PXT Medium 30 Undercooked Very lumpy, plastic and sticky

08GUA Medium 30 Undercooked Very lumpy, plastic and sticky

09SNP Difficult 30 Undercooked Very lumpy, plastic and sticky

10SNP Easy 20 Cooked Smooth, not plastic and sticky

11SNP Easy 30 Undercooked Very lumpy, plastic and sticky

12AF Medium 20 Cooked Smooth, not plastic and sticky

13AF Difficult 30 Undercooked Very lumpy, plastic and sticky

14AF Difficult 20 Cooked Smooth, not plastic and sticky

15AF Difficult 30 Undercooked Very lumpy, plastic and sticky

16CLD Easy 30 Undercooked Very lumpy, plastic and sticky
*Ease of peeling of the root cortex. **Maximum cooking time 30 minutes.
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the performance of these groups demonstrates 
satisfactory productivity under the evaluated 
conditions (IBGE 2023). Similar results were 
reported by Oliveira et al. (2020) who found an 
average of 23.45 t/ha for the Rio Verde cultivar, 
with both demonstrating productivity above 
the national average, indicating that they are 
varieties with good productive potential under 
their respective growing conditions.

The varieties evaluated in this study 
revealed genetic variability that can be explored 
to broaden the root collections available 
to farmers. Although no clear superiority in 
productivity was observed when compared 
to the control, these materials represent new 
alternatives that may support family income and, 
at the same time, contribute to the conservation 
of genetic resources.

Under the conditions of the study, no 
corrective is applied to the soil. This may have 
led to nutritional deficiencies and limited the full 
development of the varieties, possibly resulting 
in lower production (FidalskI 1999, Howeler 
1991). However, unfavorable environments lead 
to the selection of more resilient varieties. This 
research considered the local reality in the 
search for materials that are more adapted to 
the conditions of the settlement. This contrasts 
with conventional improvement programs, 
which seek materials with high stability and 
adaptability in various environments. 

The characteristics that influence plant 
production are related to the genetic control 
of the organism, the environment to which it 
is subjected and the interaction between these 
factors. Thus, the phenotypic variations in the 
face of changes in environmental conditions 
result in distinct behaviors of the genotypes, 
characterizing the interaction (Yamamoto 2006, 
Abreu et al. 2008).

Cassava is highly adaptable to different 
environments and ecosystems and maintains 

satisfactory yields even under low-rainfall 
conditions (Bergantin et al. 2004, El-Sharkawy 
2007, Aina et al. 2007, El-Sharkawy 2012, 
Okogbenin et al. 2013), as observed during the 
2022/23 agricultural year when the experiment 
was established. Yield reduction depends on 
the duration of water stress and the stage of 
plant development, with the most critical period 
occurring between the first and fifth month after 
planting (Okogbenin et al. 2013). Nevertheless, 
cassava shows a high capacity for recovery 
after rehydration, with rapid leaf regrowth and 
restoration of productivity (El-Sharkawy 2007). 
Although rainfall during the study year was 
below the regional average for the previous 
five years, it did not reach critical levels of 
water deficit that could severely compromise 
plant development (Figure 1). The accumulated 
rainfall during the experimental period ranged 
from approximately 1,700 to 2,000 mm, which 
falls within or above the range considered ideal 
for cassava cultivation, between 1,000 and 1,500 
mm per year, according to Ghini et al. (2011), 
Mattos et al. (2006), Pinheiro (2019). On the other 
hand, although cassava requires soils with good 
water availability, excessive moisture can also 
be a limiting factor, as waterlogging reduces soil 
aeration, impairs root respiration, and favors the 
occurrence of rots, especially during the early 
stages of development (Bonfim Jr. et al. 2020, 
Feltran et al. 2023). With regard to production 
(TRP), it was noted that eight varieties were 
statistically equivalent to the control (16CLP), 
which shows that these farmers had already 
been selecting varieties adapted to their 
environment (in this case, without the use of 
chemical correctives for the soil). This indicates 
that the farmers will be able to diversify their 
plantations with more varieties, minimizing risks 
derived from biotic factors, such as diseases. 
In this way, the results of local evaluations 
of native materials can be used to increase 
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variability through on-farm conservation of 
genetic resources and to encourage farmers to 
continue cultivating their own varieties, which 
are developed and maintained over successive 
generations, by demonstrating their potential 
for greater profitability (Qualset et al. 2000).

In Table IV, the group of varieties with the 
highest harvest index (HI), including 01NM, 02NM, 
03LRV, 05SOR, 08GUA, 10SNP, 12AF, and 13AF, 
presented an average HI of 41.61%. This value 
is below the 50% level considered satisfactory 
by Peixoto et al. (2005). Although still below 
the ideal value, this group stands out for its 
better performance compared to another. This 
suggests that, although some varieties show 
good results for some variables, there is still 
a need for improvement to achieve productive 
efficiency. Moreto & Neubert (2014), when 
studying four cassava varieties in eight harvest 
seasons, also found varieties with an HI of less 
than 50%. Similarly, Paz et al. (2020) observed 
that, although the HI variable presented values 
above 50% in the first crop for all the cassava 
plantations evaluated, two were below this level 
in the second crop. 

Varieties such as 04NM, 01NM, 05SOR and 
08GUA are highly recommended for growers 
who need decay-resistant materials for long-
term storage (Table V). In the study by Pedri 
et al. (2018), all the evaluated varieties were 
susceptible to deterioration when stored under 
ambient conditions. However, in our study, only 
the variety 04NM showed no deterioration during 
the four days of storage, making it a particularly 
promising option. In contrast, varieties such as 
07PXT should be avoided for storage purposes 
due to their high susceptibility to spoilage, 
which compromises their commercial utility. 
It is essential that post-harvest processing is 
carried out quickly, given that the first signs 
of physiological damage to the roots begin to 
appear between 24 and 72 hours after harvest, 

resulting in loss of sensory quality, and in the 
interval between the fifth and seventh day, the 
microbiological damage becomes visible and 
can significantly compromise the quality of the 
product (Souza 2018). The rapid deterioration 
of cassava roots occurs due to its composition, 
which includes 68.2% water, 30% starch, 2% ash, 
1.3% protein, 0.2% lipid and 0.3% fiber, according 
to studies by Portella (2015).  To ensure success 
with the post-harvest cassava, freezing of the 
roots is one of the most important procedures to 
slow down deterioration, since low temperatures 
contribute to the reduction of microbial activities 
and chemical and enzymatic alterations in 
the vegetable (Bertin et al. 2016, Pereira 2020). 
According to Martins (2022), freezer storage 
allows cassava roots to maintain acceptable 
characteristics for consumption for up to 90 
days, representing a viable alternative to reduce 
the loss of products that were not consumed 
shortly after harvest. In their study, Oliveira et 
al. (2021) reported that cassava can be marketed 
for up to 120 days without microbiological risk 
and without significant changes in its physical, 
chemical, and sensory characteristics, further 
extending its shelf life.

Therefore, resistance to spoilage among 
cassava varieties is important for optimizing the 
choice of cultivated varieties, thereby improving 
production efficiency and the quality of the final 
product available to the consumer. 

The data presented in Table VI highlight 
that some cassava varieties, such as 04NM, 
01NM, 10SNP, 12AF, are more suitable for direct 
consumption due to their ease of peeling 
(easy and medium), shorter cooking times 
(10 to 20 minutes) and superior quality of the 
cooked mass. In contrast, varieties that are 
difficult to peel, have longer cooking times, 
and produce lower-quality cooked mass may 
be more suitable for industrial applications or 
processing, such as the production of cassava 
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starch, flour, pre-cooked products, animal feed, 
or bioethanol, where the quality requirements 
for the cooked mass are less stringent.

The variety 04NM (Amarela), (Table VI) 
is notable for having a cooking time of only 
10 minutes, making it the fastest among the 
analyzed varieties. In the study by Pedri et al. 
(2018), the variety with the fastest cooking time 
was Cacau Roxa, with about 15 minutes, when 
harvested at six months. Both varieties are grown 
in Mato Grosso and are promising varieties for 
cultivation among local farmers. 

The specialists Pereira et al. (1985), Fukuda 
& Borges (1988) and Lorenzi (2012) emphasize 
that cassava varieties with a shorter cooking 
time generally result in a more homogeneous, 
softer and fiber-free mass, which are desirable 
characteristics for consumption and processing. 
This is because these varieties have lower 
thermal resistance, allowing the starch to 
gelatinize evenly. However, the culinary quality of 
cassava roots is often quite variable, negatively 
affecting the demand for the product. When it 
comes to cooking, both the producers and the 
consumers have doubts about the quality of 
the product they are growing or are purchasing 
(Moreto & Neubert 2014). Thus, understanding 
these differences is important in choosing 
the most suitable varieties for specific needs, 
whether for the consumption of fresh roots, 
storage, marketing or industrial processing. 

In general, this research allows farmers to 
have access to scientific information about the 
varieties studied, making them able to make 
better choices about which variety to plant 
(based on the end consumer).  

CONCLUSIONS
Considering all evaluated traits, seven varieties 
(03LRV, 01NM, 02NM, 04NM, 09SNP, 10SNP, and 
13AF), together with the local variety 16CLD 

(control), formed the statistically superior 
group for mass of fresh aerial part, tuberous 
root production, fresh commercial root mass, 
within this set, no significant differences were 
detected and performance surpassed that of 
the remaining varieties. However, HI further 
differentiated the group: 01NM, 02NM, 03LRV, 
10SNP, and 13AF exhibited higher values, 
whereas 04NM, 09SNP, and 16CLD fell into the 
lower tier. The variety 04NM stood out for having 
the largest number of favorable characteristics: 
resistance to spoilage, short cooking time and 
its quality of cooked mass. 

Farmers are recommended to gradually 
introduce these varieties that have excelled in 
their growing systems. The insertion of these 
new varieties will allow the diversification of 
their crops, thereby reducing risks such as loss 
of roots due to pests, diseases, or unfavorable 
environmental conditions, and ensuring more 
consistent product quality. Future research 
could enhance this work by evaluating these 
varieties over multiple growing cycles and under 
different soil and climatic conditions to validate 
their stability and adaptability. In addition, 
integrating physiological and molecular analyses 
could provide insights into the traits associated 
with yield performance and post-harvest quality, 
thereby contributing to improvements in the 
selection process.
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